Background
Introduction data in the iSanté database through December 31, 2012. All patients had a minimum study follow-up time of 12 months from time of ART initiation. Longitudinal data on pre-ART patients was not routinely collected in the EMR. [26, 27] . From 2007 to 2009, the firstline ART regimen was zidovudine, lamivudine, and efavirenz or nevirapine, with single-drug substitutions permitted as outlined by WHO. Tenofovir-based regimens became first-line treatment in 2010. Clinic visits were monthly for the first three months and then once every three months. Medications were dispensed monthly to patients. CD4 counts were performed at time of ART initiation and every six months thereafter; viral load was not routinely measured. Retention in care and adherence to ART were encouraged by peer counseling and social support programs. Field workers attempted to find patients who missed a clinic appointment for up to six months from the date of the missed appointment to ascertain vital status.
HIV services
Eligibility
Clinical and facility measures
Sociodemographic and clinical measurements at the time of ART initiation included sex, age, HIV testing point of entry, body weight (kilograms), height (centimeters), WHO Stage, CD4 count, tuberculosis (TB), and ART regimen. Body mass index (BMI) was calculated as kilogram/meter 2 . Date of ART initiation was defined as the first date that ART was dispensed during the study period, with no prior history of documented ART. WHO stage, CD4 count, weight and height measurement at time of ART were defined as the measurement closest to ART start date within a 3-month window period. A diagnosis of TB was defined as a documented TB diagnosis in the iSanté database at the date of ART initiation. Guidelines for TB diagnosis in Haiti include presence of TB symptoms, chest x-ray suggestive of TB, and positive microscopy and or culture which is consistent with other studies [23, 28] . Clinic visit and pharmacy pick-up dates were included from date of ART initiation through date of study censor (October 1, 2015) .
Patient information was documented by health care providers on national patient forms and subsequently entered by trained data clerks into the iSanté EMR. Data quality assessments were done quarterly to check for completeness and accuracy comparing paper records to data in the electronic database.
Facility-level characteristics included facility type (primary, secondary or tertiary) and facility location (urban or rural/semi-urban) based on characteristics provided by MSPP, as well as clinic size (number of patients cumulative on ART during the study period).
Definitions of outcomes
Patient outcomes are mutually exclusive and included death, lost to follow-up (LTF) and retention in care at 12 months after date of ART initiation. Death refers to all-cause mortality documented in the EMR within 365 days of ART initiation. Lost to follow-up at twelve months after ART initiation was defined as no documented death or transfer prior to 365 days and no clinic visit after 365 days from date of ART initiation. Retention at twelve months was defined as being alive and attending clinic with documented visits in the medical record greater or equal to 365 days from the date of ART initiation.
Statistical analysis
De-identified data on sociodemographic and clinical variables were extracted from the EMR. The probability of mortality after ART initiation was estimated using Kaplan Meier methods, censoring patients who were lost to follow-up at the time of their last visit. The cumulative incidence of LTF after ART initiation was estimated by treating death as a competing risk as outlined by Coviello and Boggess [29] . Patients who transferred were censored at the date of transfer. The Cochran-Armitage test was used to assess for trends in mortality, LTF and retention at 12 months after ART initiation over time from 2007 to 2013. Risk factors at ART initiation for mortality and LTF were assessed using Cox proportional hazard models, accounting for within-clinic correlation between patients with robust sandwich error terms, and sub-distribution hazard ratios (methods of Fine & Gray), respectively [30] . Missing data were imputed using the following predictors: sex, age, BMI, CD4 count, WHO stage, documented TB, year of ART initiation, clinic location and clinic size. We used STATA statistical software (Version 13.0, College Station, Tx) for all analyses.
Ethics
This analysis was approved by the institutional review boards at Weill Cornell Medicine, Centers for Disease Control, and the Ethics Board at GHESKIO.
Results

Patient and facility characteristics
A total of 9,718 adults ! 15 years initiated ART in 11 GHESKIO-MSPP HIV facilities across Haiti ( Table 1 ). The majority (63%) of patients were female and median age was 37 years (IQR [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . Only 855 (9%) were adolescents and youth ages 15-24 years. The majority of patients were tested for HIV at a voluntary counseling and testing site, with less than 10% tested by provider-initiated counseling and testing. Median (Table 1) . Half of patients initiated ART in urban HIV facilities and 62% in secondary/tertiary facilities. majority of patients were female (Table 2 ). The overall mortality rate in the first three months was 7.1 deaths/100 person years as compared to 2.6 deaths/100 PY from one to five years after ART initiation among patients with follow-up time greater than one year (S1 Table) . The mortality rate in the first year decreased from 17.8 deaths/100 PY in 2007 to 4.9 deaths/100 PY in 2013. The overall LTF rate in the first year after ART initiation was 26.7/100 PY as compared to 14.4/100 PY after the first year through year five. Approximately one-third of patients who were lost in the first year only attended one clinic visit (N = 625/2106, 30%). The proportion of one-visit-only patients decreased three fold from 2007 to 2013 (S1 Table) .
Patient outcomes
Differences across HIV facilities. Across HIV facilities, median age differed from 35 years to 42 years (p< 0.001) ( Table 2 ). Median CD4 count at time of ART initiation ranged widely from 168 cells/ul to 358 cells/ul across facilities (p<0.001). The proportion of patients with WHO Stage III/IV varied from 13% to 63% (p<0.001). The clinics with the highest proportion of patients with advanced WHO Stage were facilities in Port-au-Prince and those that provided treatment for both HIV and TB. Mortality rates at 12-months after ART initiation ranged from 1.6% (95% CI 0.8-3.3) to 8.7% (95% CI 6.5-11.6) across clinics (p< 0.001) ( Table 2, Fig 2) . Rates of LTF at 12-months after ART initiation ranged even more dramatically from 5.9% (95% CI 4.0-8.4) to 37.5% (95% CI 35.2-40.0) (p< 0.001). Overall retention at 12-months ranged from 61.1% (95% CI 58.9-63.3) to 86.5% (95% CI 82.9-89.4) (p< 0.001).
Predictors of death and lost to follow-up at 12-months after ART initiation. Individual-levels factors associated with death at 12-months after ART initiation include male gender (adjusted hazard ratio (aHR) 1.3, 95% CI 1.1-15), WHO Stage III/IV (aHR 1.3, 95% CI 1.0-1.7), CD4 count < 100 cells/uL (aHR 2.6, 95% CI 1.7-4) and BMI < 18.5 kg/m2 (aHR 2.0, 95% CI 1.3-3.1) ( Table 3) . No facility-level factor was associated with increased risk of death. There was no interaction between CD4 count cells/uL and calendar year. initiated ART in HIV facilities with ! 1000 cumulative patients on ART during the study period, were at higher risk for LTF as compared to those as smaller clinics (aSHR 1.6, 95% CI 1.5-1.8). Additionally, patients who initiated ART at rural or semi-urban clinics, as compared to urban clinics, were less likely to be LTF (aSHR 0.7, 95% CI 0.7-0.8).
Discussion
This cohort study of 11 HIV facilities includes approximately 10,000 patients and reports outcomes during the first year after ART initiation during a period of expansion of HIV services in Haiti. From 2007 through 2013, there was a steady increase in the number of patients initiating ART in this network of HIV facilities. At 12 months after ART initiation, 4.4% of the study population died, 21.7% were lost to follow-up, and 73.9% were alive and retained in care. While there was a decreased trend in mortality rates at 12-months after ART initiation, LTF increased such that there was ultimately no improvement in retention over time. Additionally, a substantial heterogeneity in outcomes was seen across clinics and warrants further investigation to understand best practices in clinics with optimal outcomes to share with poorer performing clinics. This study's overall mortality rate at 12 months after ART initiation of 4.4% is slightly lower than rates from other studies in low and middle-income countries and from patients treated at GHESKIO's central HIV specialty clinic in Port-au-Prince [9] . In a meta-analysis of 25 HIV programs in Africa and Asia, 12-month mortality after ART initiation from 2003 to 2007 was 6.8% (10). In a meta-analysis of 7 countries in the Caribbean and Latin America, including patients from GHESKIO specialty clinic, from 2000-2013, one-year mortality after ART initiation was 5.4% [11] . Our cohort's lower mortality could reflect higher CD4 counts at ART initiation, improvements in care, and under-documentation of deaths. For example, our cohort's median CD4 count of 254 cells/uL is much higher than median CD4 counts of 100-120 cells/ uL reported from cohorts in other low and middle-income countries including Haiti, and likely reflects changes in ART eligibility guidelines and earlier presentation for treatment [9, 14, 32] .
Our finding of a decrease trend in 12-month mortality among patients initiating ART from 2007 to 2013 is similar to findings from an analysis of 12-month mortality trends across 8 clinics in South Africa, which reports mortality decreased from 8.9% in 2002 to 5.6% in 2007 [7] . Factors associated with one-year mortality in this study, including male gender, advanced WHO Stage and CD4 < 100 cells/uL, are similar to other studies [7, 10, 11] . Interestingly, even when controlling for all known factors, there is still an association between calendar year of ART initiation and mortality. Patients who initiated treatment in years after 2007, had a 50% lower risk of death as compared to those who initiated in 2007, which cannot be explained by other factors available in our dataset. This may be due to non-measurable factors such as improved clinician ART management with increased experience over time, fewer drug stockouts, or improved diagnostic capacity and management of comorbid diseases and opportunistic infections. Direct comparison of our results of LTF to other studies may be limited given differences in definitions of LTF across studies. Our rates of LTF are higher than the rate of 16.1 persons/100 PY who were lost in the first six months of treatment reported among patients who initiated ART between 1999 and 2008 in the GHESKIO HIV specialty clinic in Port-au-Prince [9] . Our results of an increasing trend in LTF over time are similar to LTF trends reported from other HIV programs in developing countries [7, [33] [34] [35] [36] . Possible reasons for the increasing trend include increased undocumented transfers to other clinics, deteriorating retention in the face of increasing patient loads, and data management challenges [37] [38] [39] . Another reason could be increases in the number of unascertained deaths among patients who are categorized as lost; however, studies that have linked patient records to national vital registrations or have tracked lost patients to ascertain vital status have not found increasing rates of mortality over time [40, 41] . Larger program size was associated with increased risk of LTF in this analysis, which has been seen across other HIV programs in developing countries. In a meta-analysis of 25 HIV programs in Africa and Asia, program size was associated with a seven-fold increase in risk of LTF [10] .
Undocumented, or silent, transfers are hypothesized to be a significant problem in Haiti by local HIV providers. Unfortunately, there is no unique national identification number in Haiti to track patients across clinics in the EMR. Our study found that patients who initiated ART in urban HIV facilities were more likely to be LTF which may be due, in part, to patients transferring without documentation to clinics closer to their homes in rural areas. Currently, the MSPP is evaluating a finger-print tracking system as a unique identifier of HIV patients across sites to better understand patient transfer and migration. The fact that 30% of patients who initiated ART in this cohort never returned to the clinic also points to a subgroup of LTF patients who may be distinct from patients who disengage later during care, and additional research is needed to understand each group's unique barriers to care. Data management is another challenge given the poor physical infrastructure of the electronic medical record system in these clinics. In an assessment of data quality of variables in the iSanté database, TB status and ART eligibility were incomplete 20-40% of the time, and discontinuation forms, which document dates of transfer, death, and LTF status were entered late [42] .
Of note, there are no significant differences in outcomes noted in the year following the historic earthquake which occurred in January 2010. Comparing outcomes among patients who initiated ART in the year prior to the earthquake in 2009 to 2010, the cumulative incidence of mortality was 5.2 (95% CI 4.1-6.6) versus 5.4 (95% CI 4.3-6.7) with overlapping confidence intervals. Lost to follow-up was also similar in 2009 at 17.8 (95%CI: 15.8-19.8) and in 2010 was 15.3 (95%CI: 13.4-17.2) with overlapping confidence intervals. This is a similar finding to previous analyses we have conducted pre-and post-earthquake reporting that the 2010 earthquake did not significantly impact outcomes of LTF or death among HIV patients [43] .
Multiple interventions are being evaluated to improve retention in care among patients who start ART in Haiti. Early work with directly observed therapy for ART using community workers has shown promising results [44] . Fast tracking stable patients on ART, defined as patients who are retained in care at 6 months after ART start with excellent medication adherence, has also been associated with high retention in a pilot study at the GHESKIO HIV specialty clinic [45] .
The marked heterogeneity in outcomes across facilities has been reported in other multicountry cohort studies [8, 9, 11, 36] . Differences could in part be explained by differences in undocumented deaths among patients categorized as lost. Other explanations include differences in demographics in the HIV epidemic across the country, internal migration and social and economic conditions across the country, as well as facility-level characteristics such as staffing, provider competency, laboratory and pharmacy equipment, and quality of care measures such as screening and treatment of opportunistic infections. Interestingly, the clinic with the highest 12-month retention (86.5%) and most balanced rates of death and lost to followup (7.8% and 6.2% respectively) was clinic 9 which is located on the small island of Ile de la Gonave where there may be lower migration rates to other clinics. In contrast, clinics 2, 3, and 4 had the poorest retention are located near slums of Port-au-Prince which are areas of high migration.
A strength of this study is the inclusion of a unique set of HIV facilities in Haiti that have not previously been reported. The majority of ART outcomes in Haiti have been previously reported from the GHESKIO central clinic in Port-au-Prince, which is a specialty clinic included in the CCASAnet cohort (Caribbean, Central and South American Network for HIV research), and a regional leader in both HIV research and service delivery [9, 11, 13, 21, 23, 28, 46] . Limitations of this analysis include the use of routinely collected patient data which lack vital status for patients who are categorized as lost and the inability to track patients who receive care at multiple facilities due to the lack of unique patient identifier. Additionally, we lack data on HIV transmission mode and risk behaviors to evaluate the scale up of services among vulnerable populations such as men who have sex with men and commercial sex workers. Despite these limitations, this cohort represents a large proportion of the clinics responsible for the rapid decentralization of ART across Haiti and is likely generalizable to other clinics with similar geographic and patient characteristics.
Conclusion
Despite multiple social and economic challenges that occurred in Haiti during the study period, including political instability, a catastrophic earthquake in 2010, and a devastating cholera epidemic, Haiti was able to successfully expand HIV services across the country [15] . This study reports both the successes and ongoing challenges of the ongoing expansion of HIV services across Haiti and adds to the literature of ART outcomes among earlier cohorts of patients receiving care prior to 2007 in the Caribbean [9, 14] . While it is encouraging that mortality rates in the first year of treatment have steadily decreased over time, more work is needed to decrease high rates of loss to follow-up in order to optimize health outcomes and further curb the epidemic on a population level. 
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